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(57) ABSTRACT 

A single-poly EPROM and method for forming the same. 
The single-poly EPROM has an isolation region disposed in 
a Substrate to define a Striped active area. A deep n-well is 
located under the isolation region and the Striped active area. 
A gate oxide layer is disposed on the Substrate at the Striped 
active area. A pair of Striped Selective gates perpendicular to 
the Striped active area are disposed on the gate oxide layer 
and the isolation region. A pair of islanded floating gates are 
disposed on the gate oxide layer at the active area, with a gap 
between the pair of floating gates and the pair of Selective 
gates. A Striped p-well is disposed in the deep n-well 
between the pair of Selective gates and below the pair of 
Selective gates and portions of the pair of floating gates. A 
pair of Sources are disposed on both sides of the p-well, and 
connected to each other through the deep n-well. A drain is 
disposed in the p-well between the pair of Selective gates. 

7 Claims, 12 Drawing Sheets 
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SINGLE-POLY EPROMAND METHOD FOR 
FORMING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates in general to an erasable 
programmable read-only memory (EPROM) and method of 
forming the Same. In particular, the present invention relates 
to a method of fabricating a single-poly EPROM compatible 
with complementary metal oxide semiconductor (CMOS) 
proceSS and structure of the same. 

2. Description of the Related Art 
A Single-poly erasable programmable read-only memory 

(EPROM) cell is a non-volatile storage device fabricated 
using proceSS Steps fully compatible with conventional 
Single-poly CMOS fabrication process Steps. As a result, 
single-poly EPROM cells are often embedded in CMOS 
logic and mixed-signal circuits. 

FIGS. 1A-1C show a series of views that illustrate a 
conventional single-poly EPROM cell 10. FIG. 1A shows a 
plan view of cell 10, FIG. 1B shows a cross-section taken 
along line 1B-1B of FIG. 1A, while FIG. 1C shows a 
cross-section taken along line 1C-1C of FIG. 1A. 
As shown in FIGS. 1A-1C, EPROM cell 10 includes 

Spaced-apart Source and drain regions 14 and 16, 
respectively, formed in a p-type Semiconductor material 12, 
Such as a well or a Substrate, and a channel region 118 
defined between Source and drain regions 14 and 16. 
AS further shown in FIGS. 1A-1C, cell 10 also includes 

an n-well 20 formed in p-type material 12, and a field oxide 
region FOX formed in p-type material 12 to isolate Source 
region 14, drain region 16, and channel region 18 from 
n-well 20. 

In addition, cell 10 further includes adjoining p+ and n+ 
contact regions 22 and 24, respectively, formed in n-well 20. 
Current generation cells also include a p-type lightly doped 
drain (PLDD) region 26, which adjoins p+ contact region 
22. 

Further, a control gate region 28 is defined between PLDD 
region 26 and the field oxide region FOX that isolates n-well 
20 from Source region 14, drain region 16, and channel 
region 18. In addition, a layer of gate oxide 30 is formed 
over channel region 18, a layer of control gate oxide 32 is 
formed over control gate region 28, and a floating gate 34 is 
formed over gate oxide layer 30, control gate oxide layer 32, 
and a portion of the field oxide region FOX. 

However, a cell cannot be shrunk in this type of Single 
poly EPROM, thus its density cannot be enhanced. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
single-poly EPROM with higher cell density and a method 
for forming the same. 

It is another object of the present invention to provide a 
single-poly EPROM in which a single-poly EPROM cell is 
programmed with Source Side injection, improving its pro 
gramming efficiency. 

According to one aspect of the present invention, a pair of 
single-poly EPROM cell in a substrate is provided. The 
Structure comprises an isolation region disposed in the 
Substrate to define a Striped active area. A deep well of first 
conductive type is located under the isolation region and the 
Striped active area. A gate oxide layer is disposed on the 
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2 
Substrate at the Striped active area. A pair of Selective gates 
are disposed on the gate oxide layer and the isolation region, 
and the pair of Selective gates are Striped-Sharp and perpen 
dicular to the Striped active area. A pair of floating gates are 
disposed on the gate oxide layer corresponding to the active 
area, with a gap between the pair of floating gates and the 
pair of Selective gates. A well of Second conductive type is 
disposed in the deep well of first conductive type between 
the pair of Selective gates and below the pair of Selective 
gates and portions of the pair of floating gates. A pair of 
Sources are disposed on both sides of the well of Second 
conductive type, and the pair of Sources are connected to 
each other through the deep well of first conductive type. A 
drain is disposed in the well of Second conductive type 
between the pair of Selective gates. 
A method for programming a memory cell of a single 

poly EPROM is provided. For the above-mentioned struc 
ture of a pair of memory cells sharing a drain, the program 
ming method comprises the Step of applying programming 
bias Voltages to a Selected memory cell as follows. A first 
positive voltage of about 1.5-2 V is applied to the selective 
gate of the Selected memory cell. A Second positive Voltage 
of about 10-12 V is applied to the pair of sources. The well 
of Second conductive type, the drain, and the Selective gate 
of the other unselected memory cell are all grounded. Thus, 
the programming bias Voltages cause charge carrierS Source 
Side injection (SSI) to accumulate in the floating gate of the 
Selected memory cell. 
A method for reading memory cell of a Single-poly 

EPROM is provided. For the above-mentioned structure of 
a pair of memory cells Sharing a drain, the reading method 
comprises the Step of applying reading bias Voltages to a 
Selected memory cell as follows. A first positive voltage of 
Vcc is applied to the Selective gate of the Selected memory 
cell. A Second positive Voltage of about 2 V is applied to the 
drain. The Selective gate of the other unselected, memory cell 
is grounded. 

According to another aspect of the present invention, a 
method of fabricating a pair of single-poly EPROM cells, 
compatible with CMOS process is provided. A substrate 
having an isolation region therein to define a Striped active 
area is provided. A deep well of first conductive type is 
formed under the isolation region and the Striped active area. 
A gate oxide layer is formed on the Striped active area. A 
conductive layer is formed on the gate oxide layer. The 
conductive layer is defined to form a pair of floating gates 
and a pair of Selective gates, and a gap exists between the 
pair of floating gates and the pair of Selective gates. The pair 
of Selective gates are Striped and perpendicular to the Striped 
active area, and the pair of floating gates are islanded-shape. 
A well of second conductive type is formed in the deep well 
of first conductive type between the pair of Selective gates 
and below the pair of Selective gates and portions of the pair 
of floating gates. A pair of Sources is formed, and the pair of 
Sources are connected to each other through the deep well of 
first conductive type. A drain is formed in the well of second 
conductive type between the pair of Selective gates. 

According to an embodiment of the present invention, the 
method of forming the pair of floating gates and the pair of 
Selective gates comprises: forming a mask layer on the 
conductive layer, the mask layer Substantially having a 
pattern of the pair of floating gates and the pair of Selective 
gates, forming a plurality of Spacers on the Side walls of the 
mask layer, wherein the width of the gap between the pair of 
floating gates and the pair of Selective gates is controlled by 
the Spacers, and etching the conductive layer using the mask 
layer the Spacers as an etching mask. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description given, hereinbelow and the 
accompanying drawings, given by way of illustration only 
and thus not intended to be limitative of the present inven 
tion. 

FIGS. 1A-1C show a series of views that illustrate a 
conventional single-poly EPROM cell 10. FIG. 1A shows a 
plan view of cell 10, FIG. 1B shows a cross-section taken 
along line 1B-1B of FIG. 1A, while FIG. 1C shows a 
cross-section taken along line 1C-1C of FIG. 1A. 

FIG. 2 shows a layout of single-poly EPROM cells in 
accordance with the present invention. 

FIGS. 3A-9A are a series of cross sections taken along 
line A-A of FIG. 2 showing the manufacturing Steps in 
fabricating a single-poly EPROM cell in accordance with 
the present invention. 

FIGS. 3B-9B are a series of cross sections showing the 
peripheral circuit area of the single-poly EPROM chip. 

FIG. 6C is a cross section taken along line C-C of FIG. 
2. 

FIG. 10 shows a programming operation. 
FIG. 11 Shows a reading operation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

STRUCTURE OF SINGLE-POLY EPROM 

FIG. 2 shows a layout of single-poly EPROM cells 
Sharing a Striped well in accordance with the present inven 
tion. FIG. 9A is a cross section of a single-poly EPROM cell 
taken along line A-A of FIG. 2. A detailed description of 
the structure of the single-poly EPROM cells is given below. 
AS shown, an isolation region 102 is disposed in a 

substrate 100 to define striped active areas AA. The striped 
active areas AA are parallel to each other. A deep well of first 
conductive type 106 is located in the Substrate 100 under the 
isolation region 102 and the Striped active areas AA. A gate 
oxide layer 108 is disposed on the substrate 100 at the 
Striped active areas AA. A pair of Selective gates SG are 
disposed on the gate oxide layer 108 and the isolation region 
102, and the pair of Selective gates SG are Striped and 
perpendicular to the Striped active areas AA. Pairs of floating 
gates FG are disposed on the gate oxide layer 108 corre 
sponding to the active area AA. Agap 114 exists between the 
pair of floating gates FG and the pair of Selective gates S.G. 
A well of Second conductive type 122 is disposed in the deep 
well of first conductive type 106 below the pair of selective 
gates SG and portions of the pair of floating gates FG and 
between the pair of selective gates S.G. Pairs of sources 124 
are disposed on both sides of the well of second conductive 
type 122, and the pairs of Sources 124 are connected to each 
other through the deep well of first conductive type 106. 
Drains 134 are disposed in the well of second conductive 
type 122 between the pair of selective gates S.G. Each drain 
134 is shared by two adjacent memory cells. 
The above-mentioned pairs of Sources 124 are laterally 

extended to half the width of the pairs of floating gates FG. 
The above-mentioned deep well of first conductive type 

106 can be a deep n-doped well (also called a deep n-well), 
and the above-mentioned well of Second conductive type 
122 can be a p-doped well (also called a p-well). As well, for 
a single-poly EPROM chip, many p-wells are disposed in 
the substrate 100 and parallel to each other. Each p-well can 
be regarded as a Sector. 
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The above-mentioned isolation region 102 can be a field 

oxide layer or shallow trench isolation. 
The material of the pairs of floating gates FG and the pair 

of Selective gates SG is polysilicon. 
A single-poly EPROM with higher density of memory 

cells is thus achieved according to the above-mentioned 
single-poly EPROM cells. 

METHOD OF FABRICATING SINGLE-POLY 
EPROM 

A single-poly EPROM chip includes a memory area and 
a peripheral circuit area. FIG. 2 shows a layout of Single 
poly EPROM cells sharing a striped well in the memory area 
in accordance with the present invention. FIGS. 3A-9A are 
a Series of croSS Sections taken along line A-A of FIG. 2 
showing the manufacturing Steps in fabricating a single-poly 
EPROM cell in accordance with the present invention. 
FIGS. 3B-9B are a series of cross sections showing the 
peripheral circuit area of the single-poly EPROM chip. FIG. 
6C is a cross section taken along line C-C of FIG. 2. 

Referring to FIG. 2, FIG. 3A and FIG. 3B, a p-type 
semiconductor substrate (P-Sub for short in figures) 100 is 
provided and can be divided into a memory area I and a 
peripheral circuit area II. An isolation region 102, Such as a 
field oxide layer or shallow trench isolation, is formed in the 
substrate 100 to define striped active areas AA. The striped 
active areas AA are parallel to each other. 

P-well and n-well are formed in the Substrate 100 at the 
peripheral circuit area II. For simplicity, only p-well (PW for 
short in figures) 104 is shown. P-well 104 and n-well are 
formed by: forming a photoresist layer covering the n-well 
region on the substrate 100; implanting p-type dopants; 
removing the photoresist layer; forming another photoresist 
layer covering the p-well region on the substrate 100; 
implanting n-type dopants, and removing the photoresist 
layer. 
A deep n-well (DNW for short in figures) 106 is formed 

in the substrate 100 at the memory area I. The deep n-well 
106 is of forming a photoresist layer exposing the memory 
area I on the Substrate 100; implanting n-type dopants, and 
removing the photoresist layer. The implantation is per 
formed by first implanting PH with a dosage of ~10" at 
about 1.2 MeV and then implanting PH with a dosage of 
1x10" at about 700 KeV. The formed deep n-well 106 
functions as a buried Source line, and the buried Source line 
has relatively low electric resistance. 
The threshold voltage (Vt) of the floating gates FG in 

memory area I are then adjusted by: forming a photoresist 
layer exposing the memory area I on the Substrate 100; 
implanting PH, with a dosage of about 10' at about 180 
KeV; and removing the photoresist layer. After implanting 
for threshold voltage, the threshold voltage (Vt) of the 
floating gates FG is changed to about -1-0 V. 

Referring to FIGS. 3A and 3B, a gate oxide layer 108 with 
three thicknesses is formed on the Substrate 100 at the active 
areas AA. For example, the gate oxide layer 108 at the 
peripheral circuit area II for logic devices is about 48 A, the 
gate oxide layer 108 at the peripheral circuit area II for high 
voltage devices is about 200 A, and the gate oxide layer 108 
at the memory area I is about 90 A. 
A conductive layer 110, Such as a polysilicon layer about 

2000 A, is deposited on the whole substrate 100 having the 
gate oxide layer 108 thereon. A mask layer 112, Such as a 
silicon nitride layer, about 2000 A, is formed on the con 
ductive layer 110, and the mask layer 112 Substantially has 
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a pattern of floating gates and Selective gates and a gap 114 
between the two close side walls. 

Referring to FIGS. 4A and 4B, spacers 116 are formed on 
the sidewalls of the mask layer 112 to shrink the width of the 
gap 114. The width of the gap 114, thus, can be controlled 
by the spacers 116. The spacers 116 are of the same material 
as the mask layer 112, Such as Silicon nitride. The Spacers 
116 are formed by: forming a conformal silicon nitride layer 
with about 500-1000 A; and etching back until the Surface 
of the conductive layer 110 is exposed. 

The conductive layer 110 is then etched using the spacers 
116 and the mask layer 112 as an etching mask to transfer to 
a patterned conductive layer 110a with a pair of striped 
Selective gates SG and pairs of islanded floating gates FG. 
Channel regions are located under the Selective gates SG and 
the floating gates FG. 

Before removing the spacers 116 and the mask layer 112, 
a p-well proceSS for memory region I is performed. 

Referring to FIGS.5A-6A, 5B-6B and 5C, a p-well 122 
is formed between two adjacent Selective gates SG and 
laterally extended under the two adjacent Selective gates SG 
and parts of the floating gates FG, Substantially correspond 
ing to drains and the channel regions. The p-well 122 is 
Striped and perpendicular to the Striped active areas 104. 
Many p-wells are parallel to each other, formed in the 
substrate 100 and isolated from each other, although in the 
figures only one p-well 122 is shown. 

The above-mentioned p-well 122 is of the following 
steps: forming a photoresist layer 130 with a pattern of 
p-well region on the mask layer, the Spacers and the con 
ductive layer; implanting p-type dopants in the deep n-well 
106; removing the photoresist layer 130; thermally driving 
the dopants and merging together to form the striped p-well 
122; and removing the mask layer 112 and the Spacers 116. 

After the above-mentioned thermal driving and merging 
process, the threshold Voltage of the Selective gates SG 
become about 0.8 V. 

Ion implantation is performed by implanting B11 with a 
dosage of about ~10/cm’ at about-100 KeV. The 
implanted dopants are thermally driven and merged in 
nitrogen (N) atmosphere at 850° C. for about 30 minutes. 
The spacers 116 and the mask layer 112 are removed by 

wet etching. The used etchant, as for Silicon nitride being the 
material of the spacers 116 and the mask layer 112, is hot 
phosphoric acid. 

After removing the Spacers 116 and the mask layer 112, 
a CMOS gate process for peripheral circuit area II is carried 
Out 

Referring to FIGS. 7A and 7B, a photoresist layer 140 
with a pattern of gates for peripheral circuit area II is formed 
on the gate oxide layer 108, the patterned conductive layer 
110a. The patterned conductive layer 110a is etched again 
using the photoresist layer 140 to transfer to a Second 
patterned conductive layer 110b with gate (G for short). The 
photoresist layer 140 is then removed. Thus, the second 
patterned conductive layer 110b is constituted by the floating 
gates FG and the Selective gates SG for memory area I and 
the gates G for peripheral circuit area II. 

After finishing the CMOS gate process for peripheral 
circuit area II, a common Source (CS for short) process for 
memory area is I is executed. 

Referring to FIGS. 8A-9A and 8B-9B, a photoresist layer 
150 is formed on the substrate 100 and the photoresist layer 
150 has a pattern of source regions on both sides of the 
p-well 122. A pocket implantation is then performed by 
implanting n-type dopants. 
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The pocket implantation is executed by implanting PH at 

tilt angle of 30° with a dosage of about 5x10'-1x10''/cm 
at about 50 KeV. 

Referring to FIGS. 9A and 9B, after removing the pho 
toresist layer 150, the implanted dopants are thermally 
driven, also referred to as re-oxidation. A dielectric layer 
126, i.e. a Silicon oxide layer, is also formed on the Surface 
of the conductive layer 110b and fills the gap 114 between 
the two adjacent floating gates, FG and Selective gate SG, at 
the same time. 
The implanted n-type dopants are thermally driven in a 

dried oxygen (O) atmosphere at 850° C. to laterally diffuse 
under half the width of the floating gates FG to attain a 
higher coupling ratio between the Source 124 and the 
floating gate FG. 
A transistor process for peripheral circuit area II is 

executed. When forming Sources/drains at peripheral circuit 
area II, Sources/drains at memory area I are also formed. 

Referring to FIGS. 9A and 9B, nlightly doping (NLDD 
for short) and plightly doping (PLDD for short) are per 
formed to form indoped regions 132 and poloped regions in 
p-well 104 and n-well respectively. Spacers 128 are then 
formed on both sides of gates G, one side of Selective gates 
SG away from the floating gates FG and the other side of 
floating gates FG away from the Selective gates SG. The 
material of the spacers 128 can be silicon nitride. The 
spacers 128 are formed by: forming a conformal silicon 
nitride layer of about 700 A; and etching back. 
N"heavy doping and pheavy doping are performed to 

form n "doped regions 134 and p "doped regions in p-well 
104 and n-well respectively. The n'heavy doping forms 
sources/drains of NMOS, for forming sources/drains at 
memory area I and for doping the polysilicon layer. 
A self-aligned silicide (Salicide).layer 136 is formed on 

the Surfaces of the gate G and Sources/drains 134 at periph 
eral circuit area II. 
As shown in FIG. 2, an inter-layer dielectric (ILD) layer 

is formed on the substrate 100. Contact plugs 138 are formed 
in the ILD layer and connect to the drains 134. A bit line or 
a first connection is formed on the ILD layer and connects 
with the contact plugs 138. 

The backend processes proceed and descriptions are omit 
ted. 

OPERATION METHOD 

A description of operation methods for the Single-poly 
EPROM is given below accompanying FIGS. 10 and 11. 
FIG. 10 shows a programming operation. FIG. 11 shows a 
reading operation. 

FIG. 10 shows a cross section of a pair of memory cells 
and a condition for programming data to a Selected memory 
cell. The detailed programming operation is listed in Table 
1. A first positive voltage, such as SGs 1.5-2V, is applied to 
the Selective gate SG, i.e. word line, of the Selected memory 
cell 160. A second positive voltage higher than the first 
positive Voltage is applied to the pair of Sources CS, for 
example, CSs 10-12 V. As well, the sources CS are con 
nected to each other by the deep n-well DNW, thus, all 
Sources and the deep n-well are all in a high Voltage State. 
An unselected bit line BL is floating. P-well PW and drain 
D, i.e. bit line BL, and the others are grounded. In this 
Situation, charge carriers can be injected in to the floating 
gate FG of the memory cell 160, So the programming 
operation is performed by Source Side injection (SSI). 

FIG. 11 shows a cross section of a pair of memory cells 
and a condition for reading data from a: Selected memory 
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cell. The detailed reading operation is listed in Table 1. A 
Suitable positive Voltage, Such as SG =Vcc, is applied to the 
Selected drain D, i.e. bit line. An unselected bit line BL is 
floating, and the others are grounded. In this situation, data 
in the memory cell 160 is read. If the memory cell 160 is in 
a programmed State, no current can be detected. If the 
memory cell 160 is unprogrammed, a current can be 
detected because the device is normally triggered (threshold 
voltage of the floating gate FG is -1V). 

According to an erasing operation, UV light is used for 
overall erasing. 

TABLE 1. 

programming Reading 

Selected word line 1.5-2 V Vcc 
Unselected word line GND GND 
Selected bit line GND 2.0 V 
Unselected bit line Floating Floating 
Selected PW GND GND 
Unselected PW GND GND 
Common source(DNW) 10-12 V GND 

AS mentioned above, the fabrication method of the Single 
poly EPROM is compatible with traditional CMOS process. 
Thus, the method can be applied to form embedded devices. 
Moreover, SSI can be used to program in the Single-poly 
EPROM of the present invention, and relatively higher 
performance can be reached. The Structure also has the 
advantages of low power consumption and high Speed 
programming (less than 5us). 

Furthermore, the single-poly EPROM has a smaller lay 
out area, and the demand for increased memory density is 
attained. 
The foregoing description of the preferred embodiments 

of this invention has been presented for purposes of illus 
tration and description. Obvious modifications or variations 
are possible in light of the above teaching. The embodiments 
were chosen and described to provide the best illustration of 
the principles of this invention and its practical application 
to thereby enable those skilled in the art to utilize the 
invention in various embodiments and with various modi 
fications as are Suited to the particular use contemplated. All 
Such modifications and variations are within the Scope of the 
present invention as determined by the appended claims 
when interpreted in accordance with the breadth to which 
they are fairly, legally, and equitably entitled. 
What is claimed is: 
1. A method of fabricating a pair of single-poly EPROM 

cells, compatible with CMOS process, comprising: 
providing a SubStrate with an isolation region to define a 

Striped active area; 
forming a deep well of first conductive type located under 

the isolation region and the Striped active area; 
forming a gate oxide layer on the Striped active area; 
forming a conductive layer on the Substrate having the 

gate oxide layer formed thereon, 
defining the conductive layer to form a pair of floating 

gates and a pair of Selective gates, with a gap between 
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the pair of floating gates and the pair of Selective gates, 
wherein the pair of Selective gates are Striped and 
perpendicular to the Striped active area, and the pair of 
Selective gates are disposed between the pair of floating 
gateS, 

forming a well of Second conductive type in the deep well 
of first conductive type below the pair of Selective gates 
and the pair of floating gates, 

forming a pair of Sources in the Side walls of the well of 
Second conductive type, the pair of Sources connected 
to each other via the deep well of first conductive type; 
and 

forming a drain in the well of Second conductive type 
between the pair of Selective gates. 

2. The method of claim 1, wherein the isolation region is 
a field oxide layer. 

3. The method of claim 1, wherein the isolation region is 
a shallow trench isolation. 

4. The method of claim 1, wherein the conductive layer is 
a polysilicon layer. 

5. The method of claim 1, wherein the method of forming 
the pair of floating gates and the pair of Selective gates 
comprises: 

forming a mask layer on the conductive layer, the mask 
layer Substantially having the pattern of the pair of 
floating gates and the pair of Selective gates, 

forming a plurality of Spacers on the Side walls of the 
mask layer, wherein the width of the gap between the 
pair of floating gates and the pair of Selective gates is 
controlled by the Spacers, and 

etching the conductive layer using the mask layer's Spac 
erS as an etching mask. 

6. The method of claim 5, wherein the method of forming 
the well of Second conductive type comprises: 

forming a photoresist layer on the Substrate on which the 
mask layer and the Spacers are formed, the photoresist 
layer Substantially having a pattern corresponding to 
the drain and being parallel to pair of Selective gates, 

implanting dopants of Second conductive type in the deep 
well of first conductive type using the photoresist layer 
as a mask, 

removing the photoresist layer; 
thermally driving the dopants So as to form the Striped 

well of Second conductive type disposed under the pair 
of floating gates, and 

removing the mask layer and the Spacers. 
7. The method of claim 1, wherein the step of forming the 

Sources further comprising forming a dielectric layer on the 
Surface of the conductive layer to fill the gap between the 
pair of floating gates and the pair of Selective gates. 
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